Introduction: Targeting better glycated hemoglobin (HbA1c) and blood pressure (BP) goals may endanger older adults with type 2 diabetes mellitus (T2DM). Overtreatment of T2DM and hypertension is a trending issue, although undertreatment is still common. We investigated the rates and predictors of overtreatment and undertreatment of glycemia and BP in older adults with T2DM and physicians' attitudes to deintensify or intensify treatment. Methods: Data from older adults (C 65 years) enrolled in a large nationwide T2DM survey in 2017 across Turkey were analyzed. Overtreatment of glycemia was defined as HbA1c\ 6.5% plus the use of C 2 oral antihyperglycemics or insulin, and BP overtreatment was defined as systolic BP (SBP) \ 120 mmHg or diastolic BP (DBP) \ 65 mmHg plus the use of C 2 drugs. Undertreatment of glycemia was defined as HbA1c [ 9%, and BP undertreatment was defined as SBP [ 150 mmHg or DBP [ 90 mmHg. Deintensification or intensification rates were calculated according to treatment modification initiated by the treating physician(s). Results: The rate of overtreatment in the glycemia group (n = 1264) was 9.8% (n = 124) and that in the BP group (n = 1052) was 7.3% Enhanced Digital Features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.11770980.
(n = 77), whereas the rate of undertreatment was 14.2% (n = 180) and 15.2% (n = 160), respectively. In the adjusted model, use of oral secretagogues (sulfonylureas or glinides) (odds ratio [OR] 1.94, 95% confidence interval [CI] 1.2-3.1) and follow-up at a private clinic (OR 1.81, 95% CI 1.0-3.3) were predictors of glycemia overtreatment. BP overtreatment was independently associated with the use insulinbased diabetes therapies (OR 1.86, 95% CI 1.14-3.04). There was no independent association of BP undertreatment to the study confounders.
The deintensification and intensification rates were 25 and 75.6%, respectively, for glycemia and 10.9 and 9.2%, respectively, for BP.
Conclusions:
The results show that one in ten older adults with T2DM are overtreated while one in four require modification of their current antihyperglycemic and antihypertensive treatments. Physicians are eager to intensify medications while they largely ignore deintensification in diabetes management. These results warrant enforced measures to improve the care of older adults with T2DM. Trial Registration: ClinicalTrials.gov identifier, NCT 03455101.
PLAIN LANGUAGE SUMMARY
Plain language summary is available for this article.
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Key Summary Points
Why carry out this study?
Overtreatment of glycemia and blood pressure (BP) is a critical issue but one that is often overlooked in older adults with type 2 diabetes mellitus (T2DM).
We determined the frequency of overtreatment and undertreatment of glycemia and blood pressure (BP) in a nationwide population of older adults.
The attitudes of physicians to treatment modulation in these patients were also investigated.
What was learned from the study?
One in every four older adults with T2DM needs treatment modulation for BP or glycemia regulation.
Although not more frequent than undertreatment, overtreatment of glycemia is a common occurrence, noted in one in every ten older adults.
Physicians are eager to intensify medications while they largely ignore deintensification in diabetes management.
It is critical to target the optimal, not lower, levels of glycemic and BP in the management of older adults with T2DM.
PLAIN LANGUAGE SUMMARY
Type 2 diabetes mellitus (T2DM) is prevalent in the elderly population. Strict glycemia and blood pressure (BP) targets do not improve outcomes but they may increase the rate of adverse events in these patients. Consequently, overtreatment has been an emerging issue in recent years. The overall magnitude of the problem is largely unknown. Therefore, we assessed the rates and predictors of overtreatment and undertreatment of blood glucose and BP in Turkish older adults with T2DM. We also investigated physicians' reactions to treatment modulation in the overtreated or undertreated patients. Patients participating in the study were: older adults (n = 1264) with T2DM from a cross-sectional, nationwide, multicenter study who followed-up at the same unit during the past 12 months and who did not have decompensated liver disease, psychiatric disorders interfering with cognition or compliance, bariatric surgery in the past 12 months or renal replacement therapy. We found that:
• One of ten older adults with T2DM were overtreated for glycemia. • One in four older adults with T2DM required modification of antihyperglycemic treatment with inclusion of the number of insufficiently treated individuals. • One in four older adults with T2DM required modification of antihypertensive treatment. • Physicians are much more inclined to intensify antihyperglycemia medications, while they largely ignore the need for deintensification in the overtreated patients. • Physicians did not modify antihypertensive treatments in about 90% of patients with uncontrolled BP. • Patients who were treated by oral secretagogues and followed in private clinics were most prone to glycemia overtreatment. • Patients who were treated by insulin-based regiments were prone to BP overtreatment.
These results suggest that measures should be taken to improve physician awareness of drug modification in older patients with T2DM.
INTRODUCTION
Diabetes mellitus is one of the most common chronic diseases worldwide, leading to serious public health problems and a significant economic burden [1, 2] . The prevalence of diabetes mellitus is higher among the elderly population and is expected to further increase in the future due to the increasing life expectancy [3] . The framework of diabetes management is well drawn in adults, yet the situation in elderly patients is somewhat different [4] . Older patients who have multiple comorbidities, limited life expectancy, and increased risk of hypoglycemia may derive less benefits from stringent glycemic control and lower blood pressure (BP) goals [5] . In these patients, the risk of adverse events likely exceeds some of the benefits of standard care that are achieved in younger individuals with diabetes.
Landmark studies have shown that tight glycemic and BP control are not only ineffective in improving outcomes but also associated with more adverse events in older patients with type 2 diabetes mellitus (T2DM) [6] [7] [8] [9] . Thus, the most recent guidelines have included specific sections for the management of T2DM in older adults in which looser glycated hemoglobin (HbA1c) goals are recommended. The American Diabetes Association (ADA), European Association for the Study of Diabetes (EASD), and the Turkish Society of Endocrinology and Metabolism (TEMD) have all recommended personalized HbA1c targets of between 6.5 and 8.5% according to age, additional comorbidities, and life expectancy [10] [11] [12] . The American Geriatrics Society (AGS) has also indicated that medications other than metformin should be avoided when an older patient's HbA1c is \ 6.5% [13] , primarily due to the decreased potential of benefits and increased risk of morbidity and mortality related to the side effects of such medications [13] [14] [15] . Similar to its recommendations for glycemia management, the ADA has established personalized BP targets in patients with diabetes mellitus that recommend lower goals in older individuals [16] . The Turkish Hypertension Consensus Report defines the BP targets in older adults with diabetes mellitus as 130-140/70-80 mmHg [17] .
Following these updates, overtreatment of T2DM has become an emerging issue, leading to the publication of new findings from several countries. Although the proportion of patients with excessively low HbA1c or BP level does not appear to be critical, such overtreated patients are multimorbid, suggesting that the problem may have serious consequences for the health status of older adults. As in many other countries, the magnitude of the problem in Turkish patients is largely unknown [18] . Therefore, our aim in this study was to assess the rates and predictors of overtreatment and undertreatment of blood glucose and BP in older adults with T2DM. We also investigated physicians' reactions to treatment modulation in the overtreated or undertreated patients.
METHODS

Study Design
Patients aged C 65 years from the Turkish Nationwide Survey of Glycemic and Other Metabolic Parameters of Patients with Diabetes Mellitus (TEMD) study [19] were enrolled in the present study. The TEMD study was a crosssectional, nationwide, multicenter survey involving 68 tertiary endocrine units from 37 cities throughout Turkey. Data were collected between 1 April and 30 June 2017, and the patients were allocated according to the 12 NUTs (Nomenclature of Territorial Units for Statistics regions; EU designation) of the country.
The study was conducted in accordance with the Helsinki Declaration of 1964, as revised in 2013. The local (University of Health Sciences, Kecioren Training and Research Hospital Ethical Committee: no. 131309) and central (Republic of Turkey, Ministry of Health, Pharmaceuticals and Medical Devices Agency: no. 14-MAR-2017/93189304-514.11.01-E.58933) ethics committees approved the study protocol, and participants provided informed consent to participate. This study is registered at Clini-calTrials.gov (NCT 03455101).
Study Population
Outpatients with a previous diagnosis of T2DM who were having a regular control evaluation were enrolled in the study. The study protocol required that all participants had been followed-up at the same unit during the past 12 months. Exclusion criteria were decompensated liver disease, psychiatric disorders interfering with cognition or compliance, bariatric surgery in the past 12 months, and having received/receiving renal replacement therapy.
Data Collection
Data were collected from physicians using a questionnaire, which was administered in faceto-face interviews. The questionnaire included demographic information, length of diabetes mellitus, smoking, number of HbA1c measurements annually, type of diabetes care center (state hospital or private), personal diabetes management (diet and exercise), medications, macrovascular complications, microvascular complications, comorbid diseases, and the frequency of hypoglycemic episodes.
Height and weight of the patients were measured with the patients in their underwear according to a standard protocol. Body mass index (BMI) was computed as the ratio of weight to the square of height (kg/m 2 ). Arterial BP was measured using an automatic BP monitor (Omron M2 HEM-7121-E; Omron Corp., Kyoto, Japan) with the patient in the sitting position after at least 5 min of rest; three consecutive measurements were made on the same arm, and the mean was recorded. Home BP was measured twice daily for 1 week, and the mean of these measurements was recorded at the control visit.
Participating physicians recorded the laboratory test results at their sites. Blood samples were drawn from the antecubital vein, between 0800 and 1000 hours, after overnight fasting. The fasting blood concentration of glucose, total and high-density lipoprotein cholesterol level, and triglycerides level were measured using an enzymatic method. Low-density cholesterol was calculated using the Friedewald's equation if the triglyceride level was \ 400 mg/dL [20] . HbA1c was measured using high-performance liquid chromatography, turbidimetric inhibition immunoassay, or enzymatic methods.
Definitions of Study Variables
Overtreatment for glycemia was defined as HbA1c \ 6.5% plus the use of C 2 oral antihyperglycemics or insulin [21] . Undertreatment for glycemia was defined as HbA1c [ 9%.
Overtreatment for BP was defined as systolic BP (SBP) \ 120 mmHg or diastolic BP (DBP) \ 65 mmHg when a patient was receiving C 2 antihypertensive drugs. Undertreatment for BP was defined as SBP [ 150 mmHg or DPB [ 90 mmHg [22] . In our analysis, we used home BP readings when they were available, otherwise the office readings were used for analysis. Deintensification was defined as the discontinuation or dose reduction of drugs by the treating physician according to BP readings and HbA1c results.
A positive history of physical exercise was defined as exercising/participating in physical activities for [ 30 min at least 3 days per week. Hypoglycemia was defined according to patient reports of typical adrenergic symptoms of hypoglycemia, with a concomitant capillary glucose level of B 70 mg/dL. Participating sites were coded as a private care facility if they were not publicly governed. Lower education indicates an attained level of education of\ 8 years. Macrovascular complications were either selfreported, as having a history of coronary heart disease, angina, heart attack, cerebrovascular event or peripheral artery disease; or recorded by the physicians according to their findings, such as non-palpable lower extremity pulses, lower ankle-brachial index values (B 0.9), positive findings on coronary or peripheral arteriography, or positive results in carotid or peripheral arterial duplex ultrasound examination. Retinopathy was self-reported based on the results of routine eye examinations in the medical history. Nephropathy was recorded as positive if the patient had albuminuria and/or decreased estimated glomular filtration rate, and was either self-reported or recorded by the physicians based on the symptoms of typical bilateral symmetric distal neuropathy or other autonomous neuropathies attributable to diabetes mellitus.
Statistical Analyses
Statistical analysis was performed in SPSS 18.0 (IBM Corp., Armonk, NY, USA). Data were expressed as the mean ± standard deviation for continuous variables or as the percentage for categorical variables. Comparisons between groups were performed using the one-way analysis of variance test for continuous variables. The Chi-square test was used for categorical comparisons.
Binominal logistic regression was performed to ascertain the effects of different variables on the likelihood of overtreatment or undertreatment status. Significance was set at 0.05 (two-tailed p value of B 0.05).
RESULTS
The TEMD study included 5211 patients aged C 18 years. After excluding patients with type 1 diabetes mellitus (n = 455) and younger individuals (n = 3492), 1264 older patients were eligible for the evaluation of glycemic targets. Within this group, 1052 patients were eligible for the evaluation of BP targets.
Diabetes Overtreatment, Optimal Treatment, and Undertreatment
The final sample of 1264 older patients included in this study for evaluation of their glycemic target included 124 (9.8%) who were overtreated, 960 (76%) who were optimally treated, and 180 (14.2%) who were undertreated. Table 1 shows the demographic and metabolic characteristic of patients based on glycemic control. Mean age, gender, smoking, and the ratio of hypoglycemic events were not different in the overtreated, optimally treated, or undertreated patients. In general, overtreated patients had a higher education level, a shorter duration (Table 1 ). Overtreated patients also had lower rates of macrovascular and microvascular complications, fewer insulinbased treatments, fewer comorbidities, and a higher number of antihyperglycemics than their optimally treated or undertreated counterparts. Of the patients using antihyperglycemics in the overtreatment, optimal treatment and undertreatment groups, metformin was used by 96.0, 72.7, and 65.6%, respectively (p \ 0.001); secretagogues by 47.6, 27.3, and 27.2%, respectively (p \ 0.001), dipeptidyl peptidase-4 inhibitors by 42.7, 28.9, and 25.6%, respectively (p = 0.003); pioglitazone by 6.5, 2.1, and 2.8%, respectively (p = 0.016); acarbose by 5.6, 3.9, and 2.2%, respectively ( p = 0.303), sodium-glucose transport protein 2 (SGLT2) inhibitors by 0.8, 1.3, and 1.1%, respectively (p = 0.907), and injectable treatments with/without oral drugs by 65, 49.2, and 34.7%, respectively (p \ 0.001).
Blood Pressure Overtreatment, Optimal Treatment, and Undertreatment
The final sample of 1052 older patients with hypertension included in this study for evaluation of their BP target included 77 (7.3%) who were overtreated, 815 (77.5%) who were optimally treated, and 160 (15.2%) who were undertreated. Table 2 shows the demographic and metabolic characteristics of this patient sample based on BP treatment. Mean age, gender, BMI, diabetes duration, HbA1c, ratio of higher education, weekly exercise frequency, smoking, macrovascular complications, ratio of hypoglycemic events, number of oral antihyperglycemics, and number of chronic conditions were not different in overtreated, optimally treated or undertreated patients. Overall, 11.2% of patients (n = 118) were recruited from private care centers. There was no difference between the private and state hospitals in terms of number of overtreated, undertreated or optimal treated patients ( Table 2 ). There were significant differences in the rates of microvascular complications, insulin-based treatments, and the number of antihypertensive drugs across the three patient groups. According to the multivariate analyses, the use of oral secretagogues (sulfonylureas or glinides) (odds ratio [OR] 1.94, 95% confidence interval [CI] 1.2-3.1) and follow-up at a private clinic (OR 1.81, 95% CI 1.0-3.3) were independent predictors of glycemia overtreatment. Age [ 75 years (OR 0.48, 95% CI 0.28-0.82) and the presence of microvascular complications (OR 1.63, 95% CI 1.1-2.5) were independently associated with glycemia undertreatment (Fig. 1 ).
Blood pressure overtreatment was independently associated with the use of insulin-based diabetes treatment (OR 1.86, 95% CI 1.14-3.04).
There was no independent association of BP undertreatment to the study confounders (Fig. 2) .
Modification of Treatment in Overtreated and Undertreated Patients
Participating physicians deintensified antihyperglycemic treatment in 25% of subjects who were overtreated for glycemia and intensified treatment in 75.6% of subjects who were above the recommended HbA1c goal.
Deintensification of antihypertensives was made in 10.9% of patients with low BP, and intensification was made in 9.2% of subjects with uncontrolled BP. 
DISCUSSION
Analysis of the patient population of this study revealed that one of ten older adults with T2DM were overtreated for glycemia. When the number of insufficiently treated individuals were included in the analysis, one in four older adults with T2DM undergoing a routine control evaluation required modification of their antihyperglycemic treatment. Almost a similar proportion required modification of their antihypertensive treatment, but overtreatment of BP was overall less common. Our findings also show that participating physicians deintensified treatment in only 25% of patients overtreated for glycemia and in only 10.9% of patients overtreated for BP. In comparison, physicians intensified diabetes treatment in the majority of those with uncontrolled glycemia but did not modify the antihypertensive treatment in the [ 90% of patients with uncontrolled BP. Both the ADA and AGS recommend more liberal HbA1c goals for older patients, particularly in those with functional limitations [10, 15] as functional decline may be considered as one of the major complications of diabetes mellitus over the long term. In a sample of patients from the Atherosclerosis Risk in Communities Study, diabetes mellitus was associated with functional disability in older adults that could not be explained by known risk factors and comorbidities, including poor glycemic control and medication use [23] . Thus, these patients may benefit from regular assessment of functionality even though the level of evidence to support this recommendation is low [10] .
Studies published to date have shown a variable frequency of overtreatment of diabetes mellitus among older adults. A recent analysis of data extracted from a large US Medicare claims database revealed that 10.8% of patients aged C 65 years were potentially overtreated [21] . Overtreatment in that study was defined as HbA1c \ 6.5% plus the use of any antihyperglycemic drug in addition to metformin. In the current survey, we selected a more stringent criterion for diabetes overtreatment (HbA1c \ 6.5% plus the use of C 2 oral antihyperglycemic drugs or any insulin) but found that the proportion of overtreated individuals was similar to that in the US sample. However, it is likely that both studies underestimated the number of overtreated patients because HbA1c goals are currently not less than 7% for all older adults, and higher thresholds are defined for individuals with multimorbidity and/or functional dependence [10, 13] . Nevertheless, in the absence of evidence from randomized controlled trials (RCTs), there is no agreement on the definition of overtreatment, intensive treatment, or excessive treatment [24] , and these terms have been used interchangeably.
Low adherence to treatment is a known challenge in diabetes management [25] [26] [27] . However, overemphasizing metabolic control may cause excessive treatment of persons with T2DM of all ages. In the present study, overtreated patients had better sociodemographic characteristics and more favorable care indicators than those who were optimally treated or undertreated. In addition, overtreated patients more often chose for follow-up in a private clinic and were more often on oral antihyperglycemics than injectable drugs. These findings suggest that medical treatment unexpectedly went too far regarding the management of the overtreated patients in our sample. In a US sample of patients with T2DM, Maciejewski et al. reported that individuals enrolled in a Medicaid program were potentially overtreated compared to those not enrolled in a Medicaid program [21] , suggesting that consistent provision of diabetes care improves health-related outcomes. Since all of our participants were covered by the state health insurance, we were not able to examine the interaction between the health insurance program and overtreatment. However, follow-up at a private clinic was a predictor of overtreatment of T2DM in our study. Although what makes a patient choose a private setting can be multifactorial [28] , a private clinic may offer more personal care within sufficient time and may provide a more convenient environment compared to public facilities. Also, a private clinic setting can improve physician-patient agreement, which is a predictor of medication compliance in the primary care setting [29] . Moreover, favorable health beliefs and provision of better illness-related support are positively associated with adherence to health-promoting activities consisting of a diabetic regimen and metabolic control [30, 31] . In a RCT, Munshi and colleagues showed that the assessment and resolution of barriers to self-care improved glycemia and quality of care among older adults over a period of 12 months [32] . Nevertheless, the results of our study suggest that sustained glycemic control through management at private clinics may unnecessarily result in excessive HbA1c reductions over time. Increasing the awareness of overtreatment among both physicians and patients may balance personal expectations and evidence-based care requirements in the management of T2DM.
In the present study, overtreatment of patients with diabetes mellitus was independently associated with the use of secretagogues, but treatment with insulin did not show any association with overtreatment. In two large studies from the USA, overtreated patients with diabetes mellitus were more frequently on insulin and sulfonylureas [33] , and the proportion of the users of both drugs did not decrease in advanced age groups [34] . Sulfonylureas are the second most prescribed antihyperglycemics across Europe [35] , but they are also potent antihyperglycemics and associated with a wellknown risk of hypoglycemia [36] . Our findings suggest that sulfonylureas may cause excessive HbA1c reductions over time in older adults with T2DM; however, they are certainly agents that are less associated with the risk of hypoglycemia and even reduce the risk of cardiovascular events. Thus, when the glycemia is near normal and there are no apparent symptoms, cessation of treatment with an otherwise beneficial drug may also be arguable. It should be noted that in our study the use of such agents (e.g., SGLT-2 inhibitors, glucagon-like peptide 1 analogues) were not more common in the overtreatment group than in the other two groups.
Management of hypertension has long been complicated by concerns related to the excessive treatment of high BP [37] . A cornerstone finding in this regard was the report of a relation of lower DBP to increased risk of major cardiovascular events in the general population, which was more pronounced in the presence of diabetes mellitus [38] . Currently, based on evidence from RCTs [6] , SBP \ 120 mmHg is not recommended in patients with T2DM, including older adults. However, many patients still remain below the recommended BP range, and the picture gets worse in patients of advanced age. Various cohort studies have shown that age-adjusted prevalence of hypertension has remained stable in older people since late 1990s but that there has been a downtrend of mean SBP and DBP values and an improvement in BP control rates [39] [40] [41] . However, the numbers of patients aged [ 80 years with seriously low BP, users of C 3 antihypertensives , and frail elderly individuals receiving excessive antihypertensive treatment have also significantly increased [39] [40] [41] . The proportion of patients with T2DM overtreated for BP was relatively lower in the present study compared to previous studies, possibly be due to the selection of at least two antihypertensives as a criterion of hypertension. Interestingly, whereas the participants with overtreatment for glycemia were in a healthier condition, participants with overtreatment for BP had a worse disease status, suggesting that any relation between a lower BP and improved diabetes management was unlikely. Moreover, there was only a single independent predictor of BP overtreatment which was the use of an insulin-based treatment. Even though triple combinations of antihypertensive drugs may not increase the risk of adverse events compared to dual combinations in the general population, adverse events, such as dizziness, peripheral edema, and headache, are more common among the former [42] , which may be more troublesome in an older adult with T2DM.
In the presence of unnecessarily low HbA1c values, physicians in our study deintensified antihyperglycemic treatment in only a small percentage of patients. Not surprisingly, reports from other health systems are not much different, and around two-thirds of overtreated individuals continue with their current antihyperglycemic regimen [22, 40] . In previous survery, the numbers are also similar regarding the withdrawal or dose reduction of antihypertensives in subjects with excessively low BP [22, 40, 43] . In our study, physician reaction to uncontrolled glycemia differed greatly from that to uncontrolled BP. While glucose-lowering therapy was intensified in most patients with uncontrolled glycemia, \ 10% of those with uncontrolled BP had their treatment modified. The decision to withdraw a medication is influenced by multiple barriers and enablers from both the patients and physicians. Skepticism on the appropriateness of withdrawing, absence of a process for cessation, and dislike of medications are the potential barriers and enablers of the patients [44] . On the physician side, problem awareness, inertia secondary to lower perceived value for stopping or continuing, self-efficacy or ability to alter prescribing, and feasibility of altering prescribing in routine care environments were identified as barriers or enablers [45] . In addition, systemlevel barriers (e.g., policy, finance) and environmental factors [46] may also delay the time of deprescribing. However, with the available data from ourstudy, we are unable to comment on the actual causes of physicians' inertia to modify antihypertensive and antiglycemic medications. In order to effectively facilitate deprescribing in clinical practice, future studies are needed to better identify barriers and enablers specific to patients with diabetes mellitus and their physicians.
Our study has a number of limitations. First, since the TEMD study was conducted in a population aged C 18 years, some variables that are more specific to older adults were not available, such as fall assessment, cognitive functions, functional status, and symptoms of depression. Second, the study sites were tertiary care centers, which makes it challenging to translate the findings to general services. Third, as there is no consensus on the definitions for diabetes overtreatment and hypertension overtreatment, we applied a modified set of criteria from existing studies. Therefore, the number of affected individuals may be different from those in other studies. Moreover, we do not have any data showing that patients had suffered from the harmful effects of overtreatment. Finally, we were not able to identify potential factors to influence deintensification or intensification of medications.
CONCLUSIONS
In conclusion, the findings of the present study indicate that overtreatment and undertreatment of glycemia and BP are common among Turkish older adults with T2DM. Deintensification of treatment in overtreated subjects is not routine among tertiary care center physicians, who also seemed more confident with the decision to intensify glucose-lowering treatment but not BP-lowering treatment. Our findings point to a need to improve physician awareness of drug modification in older patients with T2DM.
